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INTRODUCTION  
Approximately one third of areas cultivated with common bean in Brazil, more 
specifically in the states of Paraná, Minas Gerais, São Paulo, Goiás and Bahia, have high 
aluminum (Al) concentration and low fertility in soils (Giannakoula, 2008). In conditions of 
acidity and low fertility, the presence of soluble Al in the soil solution is one of the most limiting 
abiotic factors of crop development and yield. The Al exchangeable interferes in the absorption 
and movement of phosphorus, calcium and magnesium in the plant, contributing also to the 
adsorption of phosphorus in the soil (Echart and Cavalli-Molina, 2001). Considering the nature 
of Al stress, the hydroponic medium offers advantages in interaction studies of this element with 
plants, such as easy access to the root system, the possibility of monitoring and control pH, Al 
concentrations and other ions important to sensibility or tolerance reactions expression (Rossielo 
and Netto, 2006). Thus, the objective of this study was to evaluate common bean genotypes of 
the carioca and black commercial groups to reaction for the toxicity by aluminum. 
 
MATERIAL AND METHODS 
The experiment was carried out in the greenhouse at Agronomic Institute of Paraná 
(IAPAR), Londrina - Parana – Brazil, in December 2013 to February 2014. Two independent 
experiments were performed to evaluate the toxicity caused by aluminum, one for the carioca 
and another for the black commercial group, with ten genotypes each one. The experimental 
design was a completely randomized with three replicates, arranged in a factorial design with ten 
genotypes and two concentrations of Al, 0 ppm and 10 ppm, added as AlCl3. The seedlings with 
uniform shoot and roots were transplanted into polyethylene vases with 3.35 L capacity 
containing nutrient solution Hoagland and Arnon (1950), modified by Pavan and Bingham 
(1982). The redox potential (pH) and electrical conductivity (EC) of the nutritive solution were 
monitored daily, the pH was maintained at 4.0 ± 0.1 by addition of HCl or NaOH 0.1M and the 
initial electrical conductivity (EC) was 0.35 ± 0.02 dS cm-2. The solution was aerated 
continuously. After 25 days of growth in the nutrient solution, at the V4 development stage, the 
following characteristics were evaluated: Maximum root length (RL), plant height (PH), shoot 
dry matter (SDM) and root dry matter (RDM). It was also calculated the Reduction Index (RI) 
for each characteristic, using the expression RI (%) = {[(CSA - CCA) / CSA] x100} (Molina et 
al, 2001), in which: CSA: characteristic at the concentration of 0 ppm of Al; CCA: characteristic 
evaluated at the concentration of 10 ppm of Al. Analysis of variance was performed using the 
Genes computational program (Cruz, 2006). 
 
RESULTS AND DISCUSSION 
For all characteristics evaluated in both commercial groups the genotype effect did not 
present statistical difference. There was a significant effect for aluminum factor in all evaluated 
characteristics (RL, PH, SDM and RDM) for both commercial groups studied. It was also 
observed a significant effect of interaction to genotype x [Al] for PH and SDM in the carioca 
group and for RL, SDM and RDM in the black group. The RI was positive for all the 
characteristics, proving that the presence of the toxic element Al in the concentration of 10 ppm 
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caused physiological changes in the plants, like reduction in RL, PH, SDM and RDM. The main 
effect of the aluminum toxicity observed was the inhibition of the root system of the plants, 
which can be visualized in the first days of cultivation in nutrient solution. The roots of the plants 
grown in solution containing Al did not develop normally, becoming short, thick and without the 
fine branches. Based on the root length and reduction index (Figure 1), in the commercial group 
carioca, the cultivar BRS Estilo and the breeding line LP08-187 can be classified as aluminum 
toxicity moderately tolerant, presenting a below-average reduction index and root development 
moderate to above of the average. In the black commercial group the breeding line LP08-71 was 
distinguished from the others genotypes being classified as aluminum toxicity moderately 
tolerant, with a root reduction index below the average and moderate root development. 
 
Figure 1 - Relationship between root length (cm) in condition without aluminum (0 ppm) and root length 
reduction index (%) when submitted to stress by Al (10 ppm) of ten common bean genotypes of the 
Carioca (A) and Black (B) commercial groups. 
 
REFERENCES 
CRUZ, C. D. Programa Genes: Biometria. Editora UFV. Viçosa (MG). 382p. 2006. 
ECHART, C. L.; CAVALLI-MOLINA, S. Fitotoxicidade do alumínio: efeitos, mecanismo de tolerância e seu 
controle genético. Ciência Rural, Santa Maria, v. 31, n. 3, p. 531-541, 2001.  
GIANNAKOULA, A. et al. Aluminum tolerance in maize is correlated with increased levels of mineral 
nutrients, carbohydrates and proline, and decreased levels of lipid peroxidation and Al accumulation. Journal of 
Plant Physiology, v.165, p.385-396, 2008.  
HOAGLAND, D. R.; ARNON, D. I. The water culture method for growing plants without soil. California 
Agricultural Experimental Station, 1950. (Circular, 374).  
PAVAN M. A.; BINGHAM F. T. Toxicity of aluminum to coffee seedlings grown in nutrient solution. Journal 
of Soil Science Society of America 46. 1982. 993-997. 
MOLINA, J. C.; et al. Response of common bean cultivars and lines to water stress. Crop Breeding and Apllied 
Biotechnology, v.1, n.4, p.363-372, 2001. 
ROSSIELLO ROP e JACOB NETTO J (2006) Toxidez por alumínio em plantas: novos enfoques para um velho 
problema. In: Fernandes MS (ed.) Nutrição mineral de plantas. Sociedade Brasileira de Ciências do Solo, Viçosa, 
p.376-418. 
  
30
35
40
45
50
55
60
65
70
35 40 45 50
R
ed
uc
tio
n 
in
de
x
(%
) 
root length (cm) without Al
IPR Tangara IPR C. Gerais
BRS Requinte IPR Quero Quero
IPR Andorinha IPR Curio
IPR Bem Ti Vi LP 08-187
A
25
30
35
40
45
50
55
60
65
70
75
35 40 45 50 55
R
ed
uc
tio
n 
in
de
x 
(%
) 
root length (cm) without Al
IPR Nhambu IPR Tuiuiu
BRS Esteio LP 08-60
LP 08-90 LP 08-71
BRS Campeiro BRS Supremo
B
